OBJECTIVE: To investigate the association of visceral fat accumulation and carotid atherosclerosis in non-obese men with normal glucose tolerance. SUBJECTS: Ninety eight middle-aged men with normal glucose tolerance who had a body mass index (BMI) 25 kg/m 2 (mean age: 52.6 y, mean BMI: 22.5 kg/m 2 ). METHOD: Using ultrasonography, we simultaneously measured the abdominal fat distribution and intima-media thickness (IMT) of the carotid artery wall. RESULTS: Pmax, an index of the absolute amount of visceral fat, was found to be signi®cantly correlated with IMT and fasting insulin concentration (r50.37, P`0.005 and r50.54, P`0.0001). Abdominal wall fat index (AFI), the ratio of maximum thickness of the preperitoneal fat and the minimum thickness of the subcutaneous fat, was not correlated with IMT. CONCLUSION: Visceral fat accumulation may play a role in the progression of atherosclerosis even in non-obese middle-aged men.
Introduction
Obesity appears to be an independent risk factor for atherosclerosis. 1 In particular, visceral fat accumulation has been reported to be closely associated with risk factors such as glucose intolerance and abnormal lipid metabolism. 2, 3 Visceral fat accumulation may induce insulin resistance, which has been considered the pathological basis of metabolic disorders associated with obesity. 4 Thus, abnormal fat distribution, rather than obesity itself, might play an important role in the genesis of atherosclerosis. However, it is not clear whether fat distribution in non-obese subjects has an impact in the development of atherosclerosis.
Recently a method using ultrasound scanning has been recognized as a useful way to access fat distribution. 5 Using this method, we determined both the fat distribution and the thickness of the carotid artery wall, in order to investigate the association of visceral fat accumulation and carotid atherosclerosis in non-obese middle-aged men with normal glucose tolerance.
Subjects
A standard 75 g oral glucose tolerance test (OGTT) was performed on middle-aged men (aged 40±67 y) who visited NTT Hiroshima Health Administration Center for a standard health check up. Among the individuals with normal glucose tolerance (WHO criteria 6 ), 98 men who had a body mass index (BMI) less than 25 kg/m 2 (mean age: 52.6 AE 9.0 (s.d.) y, BMI: 22.5 AE 1.8 kg/m 2 ) were included in this study (Table 1) . Subjects with a history of obesity and a therapy for hypertension or hyperlipidaemia were excluded.
Methods
Bilateral carotid arteries were scanned using a high resolution ultrasonographic system (EUB-565, Hitachi Medico, Japan) with a 7.5 MHz linear transducer as reported previously. 7 Scanning was performed at three different longitudinal projections (anterior-oblique, lateral and posterior-oblique) and all the images were photographed. Intima-media thickness (IMT) of the carotid artery was measured at the site of the greatest thickness and two other points, 1 cm upstream and 1 cm downstream from the site of the greatest thickness, using a micrometer. The average thickness at these three points was computed for each carotid artery and the highest value was taken as IMT.
For assessment of fat distribution, longitudinal scanning by a 5 MHz linear probe was done from the xiphoid process to the navel along the linea alba in the supine position according to the method of Suzuki et al. 5 The probe was maintained to touch as lightly as possible in order that the fat layers should not be compressed. The surface of the liver was kept almost parallel to the skin by the subject holding his breath. The maximum thickness of the preperitoneal fat (Pmax) and the minimum thickness of the subcutaneous fat (Smin) were measured directly from the screen with electronic calipers. Abdominal wall fat index (AFI) was calculated as the Pmax/Smin ratio.
All measurements were performed by one trained physician. 20 subjects were studied twice, 1±2 d apart (their body weights were kept about the same) to estimate the reproducibility. Coef®cients of variation of IMT, Pmax and Smin were 2.5%, 2.8% and 4.3% respectively.
Blood glucose concentrations were assayed by the glucose oxidase method and insulin by EIA (Boehringer, Mannheim) before and after a glucose load. HbA1c levels were measured using HPLC (Kyotodaiichi kagaku), total cholesterol, triglyceride (TG) and HDL cholesterol using enzymatic methods (Eiken kagaku), and apoprotein by immunological turbidmetry (Sanwa kagaku).
All data are expressed as the mean AE s.d. Pearson's linear correlation was used for analysis of simple correlations, and a stepwise multiple regression analysis was performed to assess the independent risk factors for IMT and fasting insulin. Statistical signi®-cance was determined at the P`0.05 level.
Results
The AFI was not correlated with any risk factors for atherosclerosis, while Pmax was correlated signi®-cantly with fasting insulin, TG and ApoB/ApoA I ratio (Table 2) .
There was signi®cant correlation between IMT and the AFI (r 0.23, P`0.05. Figure 1) , but a stronger correlation was observed between Pmax (the index of visceral fat) and IMT (r 0.37, P`0.005, Figure 2 ).
IMT showed a signi®cant positive correlation with fasting insulin, the sum of the insulin concentration during the OGTT (S IRI), systolic blood pressure and the ApoB/ApoA I ratio, as well as a signi®cant negative correlation with HDL cholesterol. In the stepwise regression model, fasting insulin level, systolic blood pressure and the ApoB/ApoA I ratio were Visceral fat and atherosclerosis in non-obese men M Yamamoto et al independently associated with IMT (r 0.42, P`0.001, Table 3 ). Fasting insulin showed a positive correlation with the ApoB/ApoA I ratio and Pmax, and a negative correlation with HDL cholesterol. In the stepwise regression, ApoB/ApoA I ratio and Pmax were independent correlates of fasting insulin concentrations (r 0.401, P`0.0001, Table 4 ). No signi®cant correlation between blood pressure and fasting insulin was observed.
Discussion
Accumulation of intraabdominal fat is closely associated with risk factors for atherosclerosis. The waist/ hip (W/H) ratio 8 and the visceral fat/subcutaneous fat (V/S) ratio, 2,9,10 which is obtained by CT scanning, have been used as indices of fat distribution. In Japanese subjects, however, visceral obesity as assessed by the V/S ratio is not always consistent with upper body obesity as measured by the W/H ratio. The V/S ratio, closely correlated with the fasting blood glucose and serum lipid concentrations, blood pressure and left ventricular performance, 2, 10 has been considered to be a very useful index for the quantitative evaluation of fat distributions, although this has the disadvantages of inconvenience and exposure to radiation.
The AFI, obtained using ultrasound scanning, correlates well with the V/S ratio and is easily repeated without concern about radiation exposure. 5 It has also been reported that the AFI correlates with TG, fasting insulin, HDL cholesterol 5 and with the severity of coronary artery stenosis.
In the present study, the AFI was not signi®cantly correlated with risk factors for atherosclerosis in nonobese men with normal glucose tolerance. However, we found that Pmax was signi®cantly correlated with TG, fasting insulin and IMT. In subjects with normal glucose tolerance, the fasting and the 2 h insulin concentrations post glucose load are considered to re¯ect insulin resistance. 11 Thus our results suggest that in individuals with lower total body fat, the amount of visceral fat, rather than the fat distribution, might be associated with insulin resistance and play a role in the development of atherosclerosis.
Non-obese subjects have considerable variations in the accumulation of visceral fat, but generally have little subcutaneous fat. Therefore the AFI can be extremely high and easily subject in error in nonobese subjects.
Nakamura et al 12 analyzed fat distribution by CT scanning and showed that accumulation of visceral fat is associated with risk factors for coronary artery disease in non-obese subjects. Furthermore, they found that the absolute amount of visceral fat was more strongly correlated with risk factors for atherosclerosis than the V/S ratio in non-obese subjects, but not in obese subjects. They suggested that accumula- Visceral fat and atherosclerosis in non-obese men M Yamamoto et al tion of subcutaneous fat might have a protective effect against atherosclerosis in obese subjects, while visceral fat accumulation may be the important risk factor in both obese and non-obese subjects. 12 Our data obtained by ultrasonography are consistent with these ®ndings.
Mesenteric and omental fat have higher lipolytic activity and readily release free fatty acids 13 and provoke insulin resistance. This induces compensatory hyperinsulinaemia, eventually causing abnormal lipid metabolism as re¯ected by high TG and low HDL levels. This cascade of events can lead to the development of atherosclerosis.
If an individual with visceral fat accumulation becomes obese, insulin resistance may worsen and the development of atherosclerosis may be accelerated.
Although the fat distribution is regulated genetically to some extent, 14 smoking, 15 overeating 16 and reduced physical activity 17 have been identi®ed factors that precipitate visceral fat accumulation. Intervention strategies are necessary to prevent atherosclerosis even in non-obese subjects with visceral fat accumulation.
In conclusion, Pmax was found to be signi®cantly correlated with IMT and fasting insulin whereas the AFI was not. Visceral fat accumulation may play a role in progression of atherosclerosis even in nonobese middle-aged men with normal glucose tolerance.
